The aim of this study was to evaluate the effects of platelets rich fibrin and bone marrow on distal radial fracture healing in local breed dogs. Twenty four adult animals (males and females), mean aged 2.6 ±0.15 years, and the mean body weight 24.58 ±1.07 kg were used. The experimental animals were randomly divided into three equal groups. First group (Control group), transverse fracture was induced in the distal portion of radial bone and immobilized by Plaster of Paris, the fracture line didn't treated with any material. Second group (platelets rich fibrin group), the fracture line was surrounded by the platelets rich fibrin. Third group (bone marrow group), the fracture line was surrounded by autologous bone marrow. The radiographic results confirmed that the fracture healing was faster and superior in third group compared with first and second groups. The hematological results showed an increasing in concentration rates of alkaline phosphatase enzyme and calcium at the weeks that follows surgical operation. Depending on the serial rates of alkaline phosphatase, the third group and the second group are the better fractured bone healing than the first group. In conclusion, the results revealed that, the using of bone marrow and platelets rich fibrin improved and enhanced the healing of distal radial fracture.
‫استخدام‬ .
Introduction
The distal radial fracture is considered third most common fracture in dogs. They represent approximately 17% of the all canine fractures and about 85% of the all radial fractures (1) . Radius bone carries the heavier weight of the fore limb compared with the ulna in dogs therefore is more susceptible for fractures than ulna (2) . The traumatic injuries which result from traffic accidents, fighting, fall, gunshot and explosive projectiles are the main causes of distal radial fractures (3) . Reduce blood supply of distal radius region with little of soft tissues enveloping the fractured site, considered as the most important factors contributes for delayed or incomplete healing of distal radial fracture (2) . Therefore the delay-union, mal-union or even non-union healing is common in distal radial fracture especially in toy breeds dogs (4) .
The platelets rich fibrin (PRF) is a therapeutic concept of the second generation of platelets concentrate in a fibrin membrane (5) . The platelets regulate the healing process including cellular migration, proliferation, and angiogenesis, also it is control the cell apoptosis and interaction with progenitor cells (6) . Therefore the PRF is considered a bioactive surgical additive having crucial role not only as hemostasis but also regulate inflammatory process with accelerate wound healing and bone regeneration (7). Platelet is highly specialized secretory cell release growth factors with cytokines to improve healing process (8) . These platelet growth factors enhance chemotaxis, induction, differentiation and proliferation of progenitor osteoblasts and influences on bone cells activity (9) .
Bone marrow (BM) is a soft spongy like tissue filling the cavities of long bones. It is a network of blood vessels and special connective tissue. The main function of bone marrow is manufacture of blood cells including erythrocytes, leukocytes, and platelets (10) . The bone marrow mesenchymal stem cells (MSCs) having ability to differentiate in to a various body cells including myocytes, chondrocytes, osteoblasts, adipocytes and endothelial stem cells that form blood vessels (11) . The autologous bone marrow transplantation is one of the most advantageous cell sources for promoting both osteogenesis and angiogenesis. Therefore the therapeutic advantages of using of autologous bone marrow in veterinary medicine are easy, rapid, and less expensive procedure, preservation of early progenitor properties and no delay between harvest and treatment (12) . The aim of this study was radiological evaluation of effects of platelets rich fibrin and bone marrow on healing of distal radial fracture in local dogs.
Materials and methods
This study was conducted on 24 adult animals of local breed dogs (males and non-pregnant females), mean aged 2.6 ±0.15 years, and the mean body weight 24.58 ±1.07 kg. The animals housed indoor under the same feed and management conditions, in the animals' house of Veterinary Medicine College, University of Baghdad. The experimental animals were randomly divided into three equal groups, the first group (control group); the second group (Platelets Rich Fibrin group); and the third group (bone marrow group).
The surgical operation was conducted under aseptic preparation and condition. Food was withheld for 24 hours and water for 12 hours before operation. Transverse fracture was induced at the distal portion of radial bone in all experimental animals, under general anesthesia by Xylazine hydrochloride 2% with Ketamine hydrochloride 10% at a dose 5mg/kg and 15mg/kg B.W., respectively. The cranio-medial aspect is the best surgical approach for induce distal radial fracture by using a wire saw (13) . The fractured bone immobilized by Plaster of Paris. Post operative care including daily wound management and dressing, with intramuscularly injection of penicillinstreptomycin at a dose of 10000 IU, 20 mg/kg B.W., respectively for 5 consecutive days. The thread stitch was removed at 10-12 days after operation. In the first group (C), the fracture line didn't treat with any substance; while in the second group (PRF) the fracture line was surrounded by the PRF, which prepared just before beginning of operation, by drawing a whole blood 10cc from cephalic vein collected in test tube without anticoagulants then centrifuged at 3000 rpm for 10 minutes, after centrifugation we will obtained a tube having three layers; the top one it is poor platelets plasma, the middle one it is the platelets rich fibrin, and at the bottom of the tube it's a red blood cells (RBC) layer. The middle layer was separated from the bottom one by surgical scissor (Figure 1 ) (14) . In the third group (BM), the fracture line was surrounded by autologous bone marrow not exceed 5cc, which aspirated from proximal end of femoral bone by Jamshidi needle of the same animal ( Figure 2 ) (15) .
All experimental animals were clinically observed daily for 2 weeks then weekly until the end of operation (the follow up10 weeks). Radiological examination of the fractured bone began by taking a radiographic picture immediately after completion of surgery to ensure that the two ends of fractured bone were alignment then took the radiographs every two weeks till end of experiment. The total calcium and alkaline phosphatase enzyme concentration was measured by colorimetric method by using a "Spinreact" kit from Spanish for calcium, and "Biolabo" kit from French company for alkaline phosphatase enzyme. Blood samples were drawn at the zero time before surgery, then at 2, 4, 6 weeks after operation, from all experimental animals. All statistical analysis were performed by using the statistical analysis program Sigma Stat (Jandel scientific software V3.1), at a level of probability less than 0.05 (P <0.05). 
Results
Clinically all animals suffered from partial loss of appetite at first and second days post-operation, the normal appetite returned after 3-4 days of operation. The surgical site showed slight swelling without any inflammatory or serous secretions. The healing of external wound was occurred without any serious complications. Most inflammatory signs of simple swelling and redness at the area of operation disappeared within 3-5 days after operation. Skin stitches were removed from all experimental animals at 10-12 days after operation. The lameness was clear in all experimental animals until the end of the first week post operation, where the animal raised its fractured limb from the first day until the end of the first week post operation. In the third group their ability to use the fractured limb at the end of the second week post operation, while the second group showed their ability to bearing its weight on the fractured limb at the third week after operation. The first group was late in using the fractured limb compared to the first and second groups.
The hematological results showed an increasing in concentration rates of calcium and alkaline phosphatase enzyme at the weeks that follows surgical operation. This results with its statistical analysis summarized in the table 1  for calcium and table 2 for alkaline phosphatase enzyme.
The radiographic images confirmed that fracture healing was faster and superior in the third group compared with the first and second groups. The results of radiographical findings of three groups are summarized in (Table 3) . .44 a The symbol 0 represents the time before the operation, and 2W, 4W, 6W represents the time in weeks after the operation. The different small letters (a, b) indicate that there is a significant difference between the three groups at probability level less than 0.05 (P <0.05). .96 b The symbol 0 represents the time before the operation, and 2W, 4W, 6W represents the time in weeks after the operation. The different small letters (a, b) indicate that there is a significant difference between the three groups at probability level less than 0.05 (P <0.05). (Figure 3-C) .
Active periosteum interaction and callus formation near to the fracture ends. Clear fracture Line (Figure 3-PRF) .
Active periosteum interaction and callus formation near to the fracture ends. Clear fracture line (Figure 3 The fractured bone becomes seminormal shape, with presence of callus around the fractured site ( Figure 6 -PRF).
The bone shape has become almost normal, with a decline in callus size around the fracture site ( Figure 6 -BM).
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The fractured line disappeared with the little size of callus around the fractured site (Figure 7 -C).
The fractured bone almost became normal shaped (Figure 7 -PRF).
The fractured bone appears normal shape (Figure 7 -BM). Radiograph at the eight week after operation. In the third group (BM), the bone shape has become almost normal, with a decline in callus size around the fracture site (arrow). In the second group (PRF), the fractured bone becomes semi-normal shape, with presence of callus around the fractured site (arrow). In the first group (C), an increasing in callus formation with partially disappeared of fracture line (arrow). Radiograph of dog's radial bone, at the ten week after operation. In the third group (BM), the fractured bone appears normal shape (arrow). In the second group (PRF), the fractured bone almost became normal shaped (arrow).
In the first group (C), the fractured line disappeared with the little size of callus around the fractured site (arrow).
Discussion
All experimental animals suffered from lameness, and it's a major clinical sign of distal radial fracture. The lameness was evident at the first and second weeks and less visible in the third and fourth weeks then almost disappeared at the sixth week. These results coincides by McCartney et al. and Manchi et al. (4, 16) , whom said that, the lameness is clinically cleared when the distal radial fracture accompanied by ulnar fracture and is less when only distal radial fracture without ulnar fracture.
The radiographic pictures of second week after operation showed better fracture healing response in the second group represented by active periosteum interaction and callus formation near the fractured ends, than the first group that's showed weak periosteum interaction and callus formation. The reason of good fracture healing response may due to adding of PRF at the fracture line in the second group, and didn't use any bioactive materials in the first group. This agree with Moshiri & Oryan and Davis et al. (17, 18) , whom said that, the PRF having an effective regulatory role at the first hours of adding it to the fracture line, by releasing growth factors and cytokines which preserved in the granules of platelets. Also the radiographic pictures of second week after operation showed best fracture healing response in the third group than the first group, this may due to autologous bone marrow plantation at the fracture site. This coincides with Travlos and Korf-Klingebiel et al. (10, 19) , whom said that, the bone marrow contains many types of blood cells, cytokines, growth factors as well as stem cells and all these types cells contributes and enhanced rapid respond for inflammatory processes with a significant early role in bone fracture healing.
The radiographic pictures of sixth week showed that the third group was the best response for healing of fractured bone, represented by an increasing in callus formation and its size with bridged more than half of the fracture line, and the fracture line was partially disappeared. This may due to effect of mesenchymal stem cells in the bone marrow which having ability to multiply and differentiated in to several types of tissues cells including chondroblast, osteoblast and osteocyte, and this is agreements with Crovace et al. and Gomes et al. (20, 2) , they confirmed that, the mesenchymal stem cells of bone marrow contribute and accelerate the fracture healing. The differences between third group and second group is almost simple in fracture healing response because the concentrated platelets which presents in the PRF contributes and enhance fracture bone healing as well as the fibrin material act as a scaffold between the bone fractured ends with filling the fracture gap, and this is enhance and accelerate distal radial fracture in second group, and this is coincide with Everts et al. and Engebretsen et al. (22, 23) , whom confirmed that, the platelets plays a crucial role in tissue repairing and regulates the basic mechanisms of inflammation and healing, including proliferation, migration, and differentiation of different inflammatory cells including stem cells.
The radiographic pictures of tenth week showed that the remodeling process was almost complete and the fractured bone appeared normal shape in the third group. This may be due to the recruitment of many cells of osteoblast and osteoclast through the differentiation of stem cells that's found in the region and with those implanted by autologous bone marrow, Therefore the bone marrow has a major role in proliferation and migration of stem cells to divide into osteoblast and osteoclast cells, and this enhance and accelerate fractured bone to heal and reaching remodeling stage which gives the fractured bone normal shape. This is agree with Harwood et al. and Claes et al. (24, 25) , whom said that, the stage of remodeling of fractured bone begins by removing of all woven bone and fibrocartilagenous matrix tissue by osteoclast cells, which leads to reconstruction of haversian channels and take the bone to its normal shape. The second group was better than the first group in its response for fractured bone healing. This is due to the presence of PRF, and when activation of these platelets will secrete more than 300 bioactive substances from its granules, these growth factors and cytokines responsible for attracting the phagocytes, stem cells and osteoblast. Therefore its responsible for removing of damage and necrotic tissue rather than stimulates and contributes regeneration of tissues and accelerate healing of damaged tissues, and this is agree with Davis et al., Everts et al., Dülgeroglu & Metineren (18, 22, 26) , whom confirmed that, the platelets its an active biomaterial in the healing of fractures and it increases the amount of formation of bone tissue by reducing the inflammatory period to promote and compensation of fracture healing stage.
The highest concentration rates of alkaline phosphatase enzyme were recorded at the sixth week. So the third group and the second group are the better fractured bone healing than the first group, depending on the serial rates of alkaline phosphatase enzyme concentrations in serum. This is confirmed by Kanwar et al. and Sousa et al. (27, 28) , they said that, the high levels of alkaline phosphatase in the serum indicated to the activity of osteoblast cells, and new bone formation. There was no significant difference in concentrations rates of calcium in the three main groups despite the increasing in concentrations in the weeks followed the operation. This increase in calcium concentrations refers to the effectiveness and activity of deposition of calcium and the formation of new bone with bone trabeculae and this is coincide with Kumar et al. and Fischer et al. (29, 30) , whom said that, the calcium is necessary to maintain bone rigidity, and that it is necessary for the deposition of calcium in soft callus and repair of fractured bone. In conclusion, this study revealed that, the using of bone marrow and platelets rich fibrin were hastened and enhanced the healing of distal radial fracture.
